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Abstract 



This invention provides a single-crystal manufacturing device which can perform the lifting of single crystals at a 
high speed, allowing single crystals with uniform qualities along their axes can be obtained. The method for 
manufacturing single crystals according to this invention are achieved by using a single-crystal manufacturing 
device provided with a combination of a heat shield plate 1 and an after-cooler 21 . The heat shield plate 1, the 
thickness of the lower portion of which is 2-6 times that of a conventional heat shield plate, surrounds the single 
crystal 7 being lifted. The after-cooler 21 covers the top surface of the rim 1a of the heat shield plate 1 and 
encompasses the single crystal 7 being lifted. The amount of cooling water supplied to the after-cooler 21 is 
slowly increased until the time the single crystal is lifted to a preset length, and then the amount of cooling water 
is kept constant. By this means, the temperature gradients of the single crystal in the region near the solid-liquid 
boundary can be increased, and the shape of the single crystal lifted can be easily kept unchanged. 
Furthermore, the lifting speed of the single crystal is kept constant from the top to the bottom of the crystal. 
Compared with conventional methods, the single-crystal lifting speed can be multiplied by a value of 1.3-2.2. 
Therefore, single crystals with uniform qualities along their axes can be obtained. 



Data supplied from the esp@cenet database - 12 



http://12.espacenet.coni/espacenet/abstract?CY=ep&LG=en&PNP=US6036776&PN=JPl 109227... 5/27/03 



<19>H*BW«W UP) 02) & tjfe Jft & (A) (lDfftttfWftH** 

1WP11 -92272 

(43)^WB ¥fiEll#(1999)4^6 0 



(50 inta.* mmn 

C 3 0 B 15/00 

// C 3 0 B 29/06 5 0 2 

H 0 1 L 21/208 



F I 

C 3 0 B 15/00 Z 
29/06 5 0 2 C 

5 0 2E 

H0 1L 21/208 P 



Hf##CD«c8 FD & 8 10 





♦WF9- 275097 


(71)W«A 


000184713 










(22)ftnB 


9 ^(1997)9 £220 










cm mm 










#*JH*¥«rfrra^S2612 377tf* 














(72)&9J* 


ftJt 5?ff 








»3R;ililTO»rftEg^ff2612 3Y7tf^ 














(72)»W£ 


mm m 



















(54) [»*Z>6fH ¥te*fi35S»ii c t^<6H,©ltifi^ 



[ ] *»h^3 J: *#ISfi»3fi*a*J J: tK«fi 




(2) 



11-92272 



[Ifc£JS2] S^fi^^U A±IH*« 3 fcfcfcE. m 

*ffifiortflHc* o -cTrot^msASTK o hot 7 * ? 

* a wzmt: ztmmtz n^m 3 isig^m 

±6#«AW«39t:45^'r. 77?7-7lcf*&-t&# 

AJS&SXC J: 4 #tt A<0*it Cfc ^T, JR«ffl»l^C 

±Mh-^coai^c02 0-5 OJ^KHflT^Kfite 

«J|fiO«atUi5^-C, 6 0 0-70 

OWMa«*r77^t-5'iOf»tJ;0^Jfrr-BC: 

[000 1 ] 

[0002] 



£ol3r8##»gfc£i£X$iiT^S. £o(i'8(i. H 

-K*;^9feJ:tf4o«8^5v^H^rr6iifc»liaWr 
ifii ceic Looy- k 9 1 gi s ±tf r mis a 7 & 

[000 3] |fi«3«±*t=(i, 
TO^CS U A 1 0 a^rtMastrS^-f 

xsivo**. mneir*fei!5iob<igi&±(f+^#*gA 

oTV^. £2iK£l0ti* **>v*2*>±2r*> 
?S3*^K5^f i O, Si0 2 , Si^4^i?8^ 

gXt>ttffl**rcv>4. ^aMtfifi* ftw^i 
4, fcSUi, #^¥8-239 2 9 l^fftX'^§ 

iix^&w&iutim&vxik* m&zm%<<§ 
mzm. zmm£ftmt:wikzitxmm& 

[0005] 

^h^mMx^mmtmtc^x<itz^, grow 

n- i n^Pg. i*ffMSC0«MrU ^A^ 



(3) 



ftBPFl 1-92272 



ttfolztt IX p n n ® tf^-frJUISA H#4 Z b ifiX £ & 
( 3 ) If - 2 3 9 2 9 1 #^«TBHS$/lT ^4 

(4) fmmifiw^fix^hsmAm^tt\t. 

[0006] *aEliiJH^HH£fc*B 

K i3 tt 4*MM& C L X Wito C *J lt6M^- 

*tfc-*-4.Ifc*BWfcl/0*4. 
[0007] 

KSB'JAi:. ffl£y*<flrtlW*»«TLT#&A£ 

#&t-f4 e ^^cism^sm^is^miii, ± 

tciO. gi&±«f*WW)iW4BE*fM»LJ:34:tS 

SIETA4. idffa^^E^ISiff^^filfflW 

3l&±(f5K£_LI«.rfctf-r§4. fcfc'U HWTlSlffl 
£^Etc#LT3l£±tf&K£±(f3fi#'4£:. #t£Ao 

mi^sn, sajraifift^isAMflEay^ < o 

h >y r 3&»^># h a * r-^t-r h z t tfX't 4 . 
[0008] saffiB^tfettsWA^Wrtrrtia* 

X^lZbtftofr^X^Z. ^t, »»fcJ:t^h-^ 
A»^W**S:-C*6/i(tj»»rrS^ttJ:0, raw 

*fo&&%RZ±z<-?z>zttfX'Z. uzBm&z 

Itf&ZbtfiTZh. *IWBT*it-^*»4>fi0iBW** 



&t-?frb<nmMm*B/MlzWt&z b tft* 4 . 

[0009] *%mz&2>mfkmim&(7)m2i±, ±. 
lea 1 (OjmsmmM^a^x . u a±bb 

ZMobbhlz, W«««rt«=*-o-CW*+^*ttA 
*K9Hfc77*7-:?*a»tfc£fc£Wi:-r4. _h 
Efl*5fc77*?-7£»«t4<rfcKJ:9* fr>A' 

mmz-jziz&^z btfvz h . 
cooio] *micmmimmx<?>*3it. ± 

2. 05. 07^-r^ fl 3 BS^^a*t'tir7^^-7 

**r&*v\ i^ot, mmm^Mz^^jLm 
^t^m^wmip^mzimmmtt z bmm 
x\ fc*cot-?xnmico±.mmzwwtit:th. 

w t < imf-t § . *iwrti. m 2 tz*tx o izmm 
mmcotm^z^fi 4 shf#c 

ti)K ifctt05, ^7tc^tJ:d^t-^$:T^@ 

o Btiaisis s:)»*-r * - 1 #x * 4 . 

[0011] *%Bg(=ft4JWA^H^XO»4U. 

[0012] 4^(=ffi44M»A<WSS9^m5l^ 
700W««<7)M^Et/h3<r4ii:t:J: l 9. it 

**faj*o{W»3&f=r8igfc44. *tz. ummimizsm 
imbthtz^y^cohmzi&mz&itf. 
^^^t -9 zm\ ^xftim *) v6^mis.x'mm 

[0013] *%mzmm&<?>*mjjm<7)% i a, 

7 7 * 7 - 7 JMSAH£SS(= J: 4 JWA^K 

iiCfc^T, 77^^-5CflW&1-4»a**fr, ^ 



(4) 



fflWl 1-9 227 2 



<bi> #4fcffcW9r5£*>« & 4 T(i-«^W^ 

ti«hft<?) b 7> £ V J* WC to « 131 < & t . 
*I^TtilU&A«>)WjM$ (eft t T 7 7 - 7 Oft 

[0014] *|ftHj|(cffi & *|&Ac^«3S^te50lB 2 1±. 

atfjo 2 0 - 5 0 JbfflS b - 

m&^mcomis&ziEmzmw't&zbtfz' 

[ 0 0 l 5 3 *^tffi4#»f H 60«}fi^O5»3(i, 
77?t-*£iiS;c tf^UitgiffC J: S 

ittcfcv^r. w*+^*i6A<!06oo-7oox:^ia* 

? - 7 ^T^sfiarsWBEfOT* 1 1 tc^nr 6 o o 
-7 0 oxwaa»«t=*i(t& iw^s^s < £ o , 

&#£«<0* ^ N ^ J; 9 < & S «! £: i & & * 

% tx . isMastr^^^-^fc^ffl^&fc, m& 

coiMSMUii6afflffli«cJt^-c e o o -7 o o*c<os 
utiwscfcwsaiJt^s^o .8- 1 .etegjKKisft-r 
4, eoo-TooroiMeaatrtittiiajBE 

[00 16] 

[fM<vm<MM$xvm*mi mz. *%.mzm 
m&nm.ir&&±vzv>m%<?)mfoMt,z^x®m 

Alat «JAla(0rt«KlI*^*Ti*4Brftttl bt 



WWt^^ s Sr4WHft«4*Wa$ixrv , »-&- ±fc. Iff* 

ffi <@8$sa> fcJt^T2-6flffl*ff<$r->T^ 

[00 17] t-*50_tSSH, W*+0#lSfl7^ 
JSfcflfflE3fc<3a£01 fcS&ifi|R|RliOT*fc«r»^ffi 

*8fcl*l[ft3t<0;&£02 fcS^«l*>T*fc«:feMI 
& B J: 0 fc Titfflti J: 3 fcKK irO . 

[0018] ±iem 1 £ttHa#&NBg&s£ffl»* 

$:±.%$^xi-*y;<2<7)±mzimz j £. 

£otf8^±$£t-?5<^±iftj;9i2 0-5 0mm 

™fctt«3<0OTfc^iaH*FT«l : fl:lfi , )'hS<'t6; 

a£A£M$3U:««U SMWKJ:9«lftK3B 
[0019] S2UIS2mfe0I^WMjBaiSK^T« 

im i *itffli(io*isA«3«at: r 7 ^ ? - ? zmu i 

fci><Dx\ T7^?-7i iim,&mi<7)±.&&it? 
mwm±*ttzmo £otzmiB.ztix^&. tv? 
9-7ii \twsmwasm^^mmm 1 2^jr^ 

77^;-5l l(if-vV^2rtCGB^5/irv^ 
3Cb-^5C0*ttTl*UI&S:fle*J:0t»3O'-l 0 0m 



(5) 



ftm^ 11-92272 



us. 

[00 20] T7?7-7l lt±, *l6A7#«jfrf4 
f-rvA4i^»S:»<i882l*^«^-CV^OT, IMS 

&7^*&4>-r* hv-yist^o^sns. 

*<JOfctf>, »S3^»41-4SiO, SiO z , Si 
1 CO U A 1 a WTffllfcft* l*t< . 

i ^ 3 ic^r i x m& 7 1 ft *t& t m& 

uai a<7)±mztem<,zbfz^xj^m&)>L>%m 
mt4t^s.^ti. v& i arm^mm±Lx^ 

[002 1] 03(2. _ttfi77??-7 1 ltflBB"** 
ft*]*E* 1 2<r)W?mX\ ( a ) «» 1 £ft0L 

( b ) ttg2£tt0L ( c ) «il&30Sttfl«:*-*\ 4 
, ( d ) liJttt^fc AC** Utf&fc&» J^HRWCfflV * 
£ftT^Sfc^E*^Mi0T**. =Sr*i, T7?? 
-7 1 l«^ai*E«i. #0fc^LjfcE*0>-h»fc:* 
TOW T^«tc«sWut E*S WSL L t OTft & 

[0022] H3 <d) £^Lt&&94 7<nm*& 

ft. *^:frfflfc^fcH^WiEOT»j&^irattfc 

£8issc-f h^raa**-**:. ;n^u 03 

(a) »»Lfc»a*E*l 2li2-?Jf0t=tfc«* 

13 (b) l&<>riryh9470)T7??- 
(a) m&tm£fflx&. -t%h*>* Afii*£SA 

£ a 4fc. 03 (c) te^LfcittMcEtf 1 2ii2*i0 
ffl2a 4 1 2b*«tttttr*V^tiso-C, ##*^A 
fig. aj«ti*2«ffcatt^ifC^-6. fl2at«|ft 

4.03(a). (b). (c)^«i:ttlll 
ii77:??-^ cN>K*f L T IftjliC^ 4 

&*WWtlZttfX*&. frfc. 03(c) fc^Lfc 
»ffl*E«W>ft*)0fc:34wo«S:«!fc«fc:*S, 
<7>AfS. ffifB£*ivmi 2 0* t-yf-T3ffl3f«Clft(t 

[00 23] ±&m29mR<nw£tiM&xm*m^h 

*E*1 2tc£te*£&»**liW&S^T4T-£ 



fcU iO!^ittet#ffLfe^04CimT*1-J: 
tmU*(r^i6, *«L«Tttl£ftft&<3 0 0-4 0 

. ta»*a-ctt0 4 tore* ± 3 1: . ^a* 

[0024] 05U»3ldt0l^4l«AIBiSStOT3t 

ti. mi(3^L^^^tl^-^»^«l^^. 
*cr>}3]\,zT7??-y2 \tf®M&tiX\^h. 77? 

uzmnmmz^^xh*). znmmv&mzmm 
m 1 ^^ffi-r^^^ »m 1 a * « 3 lt 
ifinitttwtt<!9rtffiwiiiafe^-h 2 23&« 
aw* fro**. T7?9-72 \<nmwu±m 

(a) - (c) <0Wf*rCiJ:v\ trrifiUAl aco_bffi 
fcli. 02fc^Ufc*2||JtW<?5#ISJfe«Jg«aifcra« 

JilT2afc:3MKS/i, ±fflt-^2 3, Tifflt-^2 
4£«;c.T^£. 

[0025] 05 i,z*itzm3mim<vm&m8miB: 

<7)®£h. T7??- ; ?2H***>J<2ftl l Zffl%.Ztl 

xrmt-^24Tnw ±.Mt-?2 3cr>£jiZTm 
^s^m^tix^mm^imm^m^ « 

3c0ffl*t:»LTT«t-^ 2 4<r)ftJ]£ 2 0-5 0% 

(c«i»t4. 4)t. *isMi$±t-mfc:tt. rat-^ 

24^ffi^«r-St«^5n& s ^±«t-^2 3^)aJ^T 
[0026] 06(iS4ldftM^)#t£A»S£S£OTS 

■cu, 0 1 iz^ifzm i m0f<onttA»a»E(cttffl 

-53 1*«#BS«*cK0ftft^iiTV^. mUT79 
ffl*E»l 2^rtj«L, ^w^^fttSJt^iife 
<Ifc3&«T'&6. 4at. SfcififtlRlO'JAlaiBWiflg 



(6) 



1-92 27 2 



WMl UWTffifcl/C^SOT, /Sfli«f]W$fc:tiT7 
*?-7 3 1fc&iS^lfc£±;m=iM3^ 

[0 0 27]#fefltO«rtriftlii«^S(±, T7^;-7 
S4^W<04USfl«iK«m^* 

*teti, 77??-73icD<%m*MA®wtti>t,zm 

[ 0 0 2 8 ] m 7 tig 5 SdfiiHO|tt£ AS8^l3^r » 

«3i*stt«^w«»fasia-c, i*)Mift»ifiS6»i0 

5 iC^ Lfcgj 3 £ftffla#£Ml&£1Ifc:7 7 * t - 9 

Zm\\Uzi><7)Vh6. 779t-94 

^y^'2(^M»tatt^ilfe#IWfll4 2K 
J: 0 *£A 7 <0 ^MftfciB o T ftWt Sit £ . 



[0029] mmnrnzirr? ft-** i*+*y 

jfi-W. ttA£j«<&*l=o;hXf**K±#$ih 
A5#3 0 0-4 0 0 mmt=3ttfca«i*<0ttifPff± 
iWfcii, 4Wfc7<0*£*fl*#6 0 0--7 

o o-ctz* imui o t i o 0-3 o o*c<£iM£77 
[0030] i;j±mtyiK&wkmE&£vmm* 

.16. £1 (c^-f IS** 5 * 6ftfc . i <nmt , SI 8 fc^ 

Srlt 
[003 1] 

[HI] 





0 1 


® 2 


B & 


H 6 


a 7 


a 8 


3it±tfaK 


1. 1 


1.3 


J. 3 


1.1 


1.3 


1.0 




~ L4 


- 2.5 


~ 2.2 


~ 2.2 


- 2.2 





[ 0 0 3 2 J 0 1 ^ UfcSB 1 Hf|0f(!O WACBiSa 

ti*«ag t ct s mEffitn* -ciue a £ awt 

5!&±(fa«(itJ!*t:Jt^r 1 .1-1 .4<gK0tt!jire*>$ 
im (@l2*5J:tXia5HSl7#W) T(il.l~2.5ftfc 
[0 0 3 3] 02ifcli05, 07*^Ufc#*SA«Jfi 

£A7 iKOHAgffttt^lSv^A^^Snffittifc 
^. 

[0034] 

hh^\tm^mwLtr7 99-y. T7 
?t-?t£m*-£bitxm^&zti,zitzcr)X\ mm 

6 1 & ±*f3tKi ££A^ h -y 7**^ * h a 2 "C-fctft 
oc: t J: 9*ttA^#ffiafcfcit&*RKjW-£& 



mi] *mvm 1 fBW£fcft*iusA«ie§»o 
[@2] *m^2mm£^&w&Mfflm<?> 

x\ {&)\im\mm. (b)(i»2«w, (c) 

[05 3 *«^*33atMfcfe*t*JMSfi«sa»K^) 
[06 3 *«^^4^itWCfe*tSJ|t|gA»J«a<0 
[07 3 *ISW^*5»Mt:45(t&*ISA«iSS«0 
[ M8 ] ftfcSffiC;: J: 6**SMi3Wlt^Tani3fi^- 

[W^lttB^] 
1, 10 

la SRtf'JA 
lb ffir«LfSl 
3 Ktt 
4, 6 »f*W 
5 t-9 



(7) 



#ISJ¥1 1-92272 



7 ^ISae 

8 

11. 2 1. 3 1 T75?-7 

12. 14 ^a*E* 



2 3 ±flgt-* 
2 4 TWt-* 

4 1 T7?t-? 



tan 



[023 





1 

1 ■ : 

1 b-.nmm 

t : ? ♦ V/t 
3 :UE 



4. t-.wmtt 

5 : t-* 




500 1000 
£Jlft (mm) 



1 1 : 

t 2 : 



1 s : mm>- t- 



[05] 




2 1 : 77*?-9 
2 I : *mis-\- 



2 4 «T«t-* 



(8) 



«fW¥ 1 1 -92272 




